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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to load generat-
ing devices and methods and, more particularly, to load
generating devices and methods for applying a force to
planar surfaces for testing the structural integrity of the
planar surfaces and/or planar articles carrying the planar
surfaces.

BACKGROUND

[0002] Photovoltaic modules (also referred to as "PV
modules"), e.g., solar panels, are conventionally mount-
ed in locations that are most prone to solar exposure.
These locations include, for example, rooftops, open
land, etc. Unfortunately, such locations are also exposed
to snow, ice, wind, or other static and/or dynamic loads
generated by the surrounding environment. A heavy
snowfall or ice accumulation, or too strong a wind, can
cause structural damage to the PV modules. Therefore,
in an effort to ensure that commercially available PV mod-
ules can withstand the elements, manufacturers often
test the designs in accordance with standardized testing
procedures. In one known testing procedure, a number
of sandbags are stacked onto the planar solar-exposed
surface of a PV module for a specified period of time, for
example. At the end of the specified period of time, the
PV module is inspected for signs of physical damage.
[0003] S. C. Fairbanks and R.C. Cull in "THE ARRAY
STRUCTURE FATIGUE TESTER: A METHOD OF FA-
TIGUE TESTING STRUCTURAL UNITS", IEE Photo-
voltaic specialists conference, Las Vegas Nevada 21-25
October 1985 discloses an Array Structure Fatigue Test-
er, that is a machine designed to determine fatigue life
of an array structure as an assembled unit, the machine
simulates wind loading in both sustained and fatigue
modes by substituting static air pressure for the velocity
pressure generated by wind. The array structure to be
tested is placed within a frame, a fan supplies the required
pressure, simulating wind speed (the dominant loading
mechanism) and corresponding environmental condi-
tions. Sealed chambers above and below the array struc-
tures hold the simulated wind load, the machine is con-
trolled by computer logic. Solenoid valves alternately per-
mit air to inflate and exhaust the chambers to satisfy the
correct load conditions.
[0004] G. Nuss and R. De Blasio in "PERFORMANCE
CRITERIA FOR PHOTOVOLTAIC ENERGY SYS-
TEMS" Volume II, pages 70-79 by Solar Energy Re-
search Institute/ U.S. Department of Energy, July 1982,
discloses a cyclic pressure load test device to determine
the ability of a photovoltaic module design to withstand
mechanical fatigue by cyclically applying specific levels
of positive and negative pressure loads that reflect the
normal wind, snow, and ice loading. The test device com-
prises a test frame to permit mounting of the test item,

two pressure panels, each including stiffeners, air duct,
a plate with air distribution holes, rubber diaphragm (in-
flatable air bags), a vent valve and a pressure gauge to
apply a uniform normal pressure to the front and back
surfaces of the test modules, the device further compris-
es pressure control and timing equipment which provides
regulated air to the pressure panels, provides control sig-
nals to alternately fill and vent the pressure panels, and
includes a cycle counter.

SUMMARY

[0005] One aspect of the present invention provides a
device for testing the structural integrity of a planar sur-
face as defined in claim 1 as appended hereto. The de-
vice includes a tub, a cavity, a membrane, and at least
one opening. The tub has a bottom wall and at least one
sidewall extending upward from a perimeter of the bottom
wall. The cavity is defined between the bottom wall and
the at least one sidewall of the tub. The membrane is
disposed within the cavity at a location proximate to the
bottom wall of the tub, and has a perimeter edge that is
fixed to the tub. The opening is formed in the tub and
adapted to receive a pressurized fluid to fill a portion of
the cavity that is disposed between the membrane and
the bottom wall to displace at least a portion of the mem-
brane away from the bottom wall to apply a force to the
planar surface during operation of the device.
[0006] A bed of media is disposed within the cavity on
top of the membrane such that displacement of the mem-
brane away from the bottom wall results in displacement
of at least a portion of the bed of media away from the
bottom wall and into engagement with the planar surface
during operation of the device.
[0007] In one aspect, the bed of media can include a
plurality of balls.
[0008] In one aspect, the bed of media can include
three million plastic balls, each plastic ball having a di-
ameter of approximately six millimeters.
[0009] In one aspect, the membrane can include an
elastomeric material.
[0010] The device further includes at least one force
sensor adapted to sense the force applied to the planar
surface during operation of the device.
[0011] The device includes a u-shaped bracket at-
tached to the tub and suspending the at least one force
sensor opposite the planar surface from the membrane,
e.g., above the planar surface.
[0012] In one aspect, the device can further include at
least one pressurized fluid source connected to the at
least one opening in the tub for delivering pressurized
fluid to the cavity.
[0013] In one aspect, the device can further include an
electronic control unit communicatively coupled to the at
least one force sensor and the pressurized fluid source
for controlling and monitoring operation of the device.
[0014] In one aspect, the electronic control unit can
include a user interface for receiving user input and/or
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displaying output.
[0015] In one aspect, the device can further include at
least one adjustment panel horizontally disposed through
the at least one sidewall of the tub and adapted to be
adjusted to extend between the at least one sidewall and
approximately a perimeter of the planar surface during
operation of the device. In another aspect, the present
invention provides a method for testing the structural in-
tegrity of a planar surface as defined in claim 9 as ap-
pended hereto. The method includes positioning a planar
surface above a membrane disposed within a cavity of
a tub, wherein the cavity is defined between a bottom
wall and at least one sidewall of the tub. The method
further includes positioning a planar surface onto a bed
of media disposed within the cavity and supported by the
membrane. The method further includes introducing a
pressurized fluid into a portion of the cavity that is dis-
posed between the bottom wall of the tub and the mem-
brane. The method further includes displacing at least a
portion of the membrane and the bed of media away from
the bottom wall of the tub and into engagement with the
planar surface with the pressurized fluid. The method
further includes applying a force to the planar surface,
the force being transferred through the membrane..
[0016] In some aspects, applying a force to the planar
surface can include applying a force of a predetermined
magnitude for a predetermined duration.
[0017] In some aspects, applying a force to the planar
surface can include applying a force of uniform magni-
tude across the planar surface.
[0018] In some aspects, displacing at least a portion
of the bed of media can include displacing a plurality of
plastic balls into engagement with the planar surface.
[0019] In some aspects, introducing a pressurized fluid
into a portion of the cavity can include delivering a pres-
surized gas into a portion of the cavity.
[0020] The method further comprises detecting a mag-
nitude of the force being applied to the planar surface
with at least one force sensor.
[0021] In some aspects, the method can further com-
prise controlling a duration of the force being applied to
the planar surface.
[0022] In some aspects, the method can further com-
prise inputting one or more of the following parameters
into a user interface prior to introducing the pressurized
fluid into the cavity: (a) a magnitude of the force to be
applied to the planar surface; (b) a duration for which the
force is to be applied to the planar surface; (c) a total
number of cycles through which the force is to be applied
the planar surface; and (d) a duration of any pause be-
tween cycles through which the force is to be applied to
the planar surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a schematic cross-sectional representation

of one embodiment of a device for generating a load
constructed in accordance with the present disclo-
sure and shown occupying a passive state, e.g., non-
operating state;
Fig. 2 is a schematic cross-sectional representation
of the device of Fig. 1 shown occupying an active
state, e.g., operating state;
Fig. 3 is an exploded perspective view of some of
the components of the device of Figs. 1 and 2;
Fig. 4 is a block diagram of a system including the
device of Figs. 1-3 for applying a force to a planar
surface;
Fig. 5 is a flowchart of one method of the present
disclosure for testing the structural integrity of a pla-
nar surface using the system of Fig. 4; and
Fig. 6 is a cross-sectional representation of an alter-
native embodiment of a device for generating a load,
which is not part of the present invention.

DETAILED DESCRIPTION

[0024] Although the following text sets forth a detailed
description of one or more embodiments of the invention,
it should be understood that the legal scope of the inven-
tion is defined by the words of the claims set forth at the
end of this patent. The detailed description is to be con-
strued as exemplary only and does not describe every
possible embodiment of the invention since describing
every possible embodiment would be impractical, if not
impossible. Numerous alternative embodiments could be
implemented, which would still fall within the scope of the
claims defining the invention.
[0025] It should also be understood that, unless a term
is expressly defined in this patent using the sentence "As
used herein, the term ’_____’ is hereby defined to
mean..." or a similar sentence, there is no intent to limit
the meaning of that term, either expressly or by implica-
tion, beyond its plain or ordinary meaning, and such term
should not be interpreted to be limited in scope based on
any statement made in any section of this patent (other
than the language of the claims).
[0026] In general, the device and method described
herein are for generating a substantially uniform load,
e.g., force, in a direction transverse to a two-dimensional
plane for testing the structural integrity of a planar surface
or a planar article such as a photovoltaic module (here-
inafter "PV module"). Such tests are aimed at determining
the ability of a PV module to withstand static and/or dy-
namic loads generated from wind, ice, snow, etc., and
can be performed in accordance with various standard-
ized testing protocols such as UL 1703 section 41, IEC
616215 section 10.16, and IEC 61646 section 10.16.
While the device and method disclosed herein are gen-
erally designed for testing PV modules, they can also be
used to test the structural integrity of other devices, or
for any other foreseeable testing operation, manufactur-
ing operation, or other function where a generally uniform
load across a two-dimensional plane may be desired.
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[0027] Figs. 1 and 2 include a pair of schematic cross-
sectional representations of a device 10 constructed in
accordance with the present disclosure. In Fig. 1, the
device 10 is shown occupying a passive state, e.g., non-
operating state. In Fig. 2, the device 10 is shown occu-
pying an active state, e.g., operating state. As illustrated
in Figs. 1 and 2, one example of the device 10 can gen-
erally include a steel tub 12, a membrane 14, a bed of
media 16, at least one overhead U-shaped bracket 18,
and a plurality of force sensors 20. Additionally, as
shown, one embodiment of the device 10 can include a
plurality of adjustable panels 22 (only two panels 22a,
22c, of which are visible in Figs. 1 and 2), at least one
fluid opening 30, and a puller bar 40, each of which will
be described in further detail below.
[0028] The tub 12 can generally resemble a box with
an open top, for example, including a bottom wall 24, at
least one sidewall 26 extending upward around a perim-
eter of the bottom wall 24, and a cavity 28 defined be-
tween the bottom wall 24 and the at least one sidewall
26. In the disclosed embodiment, the at least one sidewall
26 of the tub 12 includes four sidewalls 26a-26d, as
shown more particularly in Fig. 3, such that the tub 12
has a generally square or rectangular shape when
viewed from the top or bottom. In other embodiments,
the tub 12 can have generally any shape when viewed
from the top and/or bottom.
[0029] The membrane 14 includes a sheet of material
disposed in the cavity 28 of the tub 12 proximate to the
bottom wall 24, and mounted to the tub 12 to provide a
generally fluid tight seal therebetween. In some embod-
iments, the membrane 14 can be mounted adjacent to
its perimeter edge to the bottom wall 24 of the tub 12 with
L-brackets or some other means, for example. In some
other embodiments, the membrane 14 can be mounted
adjacent to its perimeter edge to each of the sidewalls
26a-26d of the tub 12. So configured, the membrane 16
can be mounted at a height in the tub 12 so as not to
contact the bottom wall 24 of the tub 12 when the device
occupies the passive state, as shown in Fig. 1, for exam-
ple. However, a certain amount of contact resulting from
the membrane 12 sagging under the weight of the bed
of media 16 can be acceptable. In one embodiment, the
membrane 14 can be constructed of a substantially ine-
lastic material, an elastic material, a flexible material, an
elastomeric material, or generally any other type of ma-
terial suitable for the intended purpose.
[0030] The bed of media 16 can include a plurality of
balls 32 disposed in the tub 12 on top of the membrane
14. In one example, the plurality of balls 32 can include
3 million spherical plastic balls, each ball being approx-
imately 6 millimeters in diameter. This is merely an ex-
ample and other embodiments can include generally
number and/or size of balls 32 suitable for the intended
purpose. In other embodiments, the bed of media 16 can
include generally any type of media capable of serving
the intended purpose. For example, the bed of media 16
can include a plurality of objects having generally any

shape, the objects being the same or different in shape,
size, density, etc., or the bed of media 16 can include a
fluid such as a liquid or a gas, or even a gel or other type
of deformable mass. In one alternative embodiment, the
device 10 could further include a second membrane (not
shown) disposed opposite the bed of media 16 from the
membrane 14, e.g., on top of the bed of media 16, such
that the bed of media 16 is sandwiched between two
membranes. Two membranes could be especially useful
in an embodiment where the bed of media 16 includes a
bed of fluid, for example, for retaining the fluid in the tub
12 both during operation and when the device 10 is non-
operational.
[0031] The at least one overhead U-shaped bracket
18, as illustrated, carries the plurality of force sensors 20
such that the force sensors 20 are suspended above the
bed of media 16 and the membrane 14 at a location op-
posite the bed of media 16 from the membrane 14.
[0032] Still referring to Figs. 1 and 2, a planar article
36, which constitutes a PV module 34 in this example, is
shown positioned in the device 10. In the disclosed em-
bodiment, the PV module 34 includes a photovoltaic pan-
el 36 (hereinafter "PV panel") mounted to a pair of roof
brackets 38, only one of which is visible in Figs. 1 and 2.
Each of the roof brackets 38 includes a generally straight
member mounted to the backside of the PV panel 36
parallel to the other roof bracket 38.
[0033] As shown, the PV module 34 is disposed in the
tub 12 on top of the bed of media 16, and beneath the
force sensors 20. In Figs. 1 and 2, the roof brackets 38
face upward and are aligned with the force sensors 20,
and a front planar surface 42a of the PV panel 36 faces
downward and is in contact with the bed of media 16. So
configured, the PV module 34 depicted in Figs. 1 and 2
can be described as occupying an "upside-down" orien-
tation.
[0034] Depending on the specific testing process being
conducted, however, the PV module 34 could be turned
over relative to the "upside-down" orientation to occupy
a "right-side up" orientation. When disposed "right-side
up," the front planar surface 42a of the PV panel 36 faces
upward toward the force sensors 20 and the roof brackets
38 face downward and are in contact with the bed of
media 16. So configured, the roof brackets 38 sink into,
e.g., penetrate, the top surface of the bed of media 16
such that the bed of media 16 is in direct uniform contact
with a rear planar surface 42b of the PV panel 36. In this
"right-side up" orientation, the roof brackets 38 would still
be aligned with the force sensors 20, but the force sen-
sors 20 would instead be engaged by the PV panel 36.
[0035] In embodiments where the device 10 includes
a second membrane on top of the bed of media 16 and
wherein the PV module 34 is loaded "upside-down" (as
shown in Figs. 1 and 2), the front planar surface 42a of
the PV panel 36 would be supported directly on the sec-
ond membrane. In embodiments with a second mem-
brane and where the PV module 34 is loaded "right-side
up," the roof brackets 38 would necessarily deform the
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second membrane to enable the brackets 38 to sink into
the bed of media 16. Such deformation of the membrane
in the vicinity of the roof brackets 38 would preferably not
limit the extent to which the bed of media 16 is capable
of contacting the rear planar surface 42b PV panel 36 in
a uniform manner.
[0036] Moreover, as mentioned above, the device 10
of the disclosed embodiment can be equipped with the
plurality of adjustable panels 22. The plurality of panels
22 includes four adjustable panels 22a-22d, one slidably
disposed through each of the four sidewalls 26a-26d. As
shown in Figs. 1 and 2, the panels 22 are positioned
between the membrane 14 and the bed of media 16 in
the vertical direction and between a perimeter of the PV
module 34 and the sidewalls 26a-26d of the tub 12 in the
horizontal direction. This configuration can limit the ex-
pansion and/or deflection of the membrane 14 during op-
eration to the region located within the perimeter bound-
aries of the PV module 34.
[0037] For example, during operation of the device 10,
a pneumatic line (not shown in Figs. 1 and 2) is connected
to the fluid opening 30 disposed in the bottom wall 24 of
the tub 12 and a pressurized gas is introduced into a
portion 28a of the cavity 28 that is disposed between the
membrane 14 and the bottom wall 24. In some embodi-
ments, gas is introduced at a pressure in the range of
approximately 20 mbar to approximately 200 mbar. While
the present embodiment of the tub 12 includes only a
single opening 30, alternative embodiments can have a
plurality of openings 30 spaced about the bottom wall 24,
each being connected to its own pneumatic line. Such a
configuration can increase the uniformity of the introduc-
tion of gas to the cavity. In any event, the pressurized
gas causes at least the portion of the membrane 14 that
is located between the adjustable panels 22a-22d to dis-
place upwardly away from the bottom wall 24, as shown
Fig. 2.
[0038] In some embodiments, displacement of the
membrane 14 can result in the membrane 14 resiliently
deforming, for example, by stretching similar to a balloon
under the pressure of the gas delivered to the portion
28a of the cavity 28 of the tub 12. Regardless, displace-
ment of the membrane 14 upward, in turn, causes the
membrane 14 to displace at least a portion of the bed of
media 16 upwardly away from the bottom wall 24 and
into forceful engagement with 42a the PV panel 36 of the
PV module 34 and, in the depicted embodiment, the front
planar surface 42a of the PV panel 36. This force, in turn,
displaces the PV module 34 upwardly away from the bot-
tom wall 24 and into engagement with the force sensors
20 carried by the overhead U-shaped brackets 18. The
force sensors 20 are adapted to detect the magnitude of
the force being applied to the PV module 34. As men-
tioned, the bed of media 16 applies a generally uniform
force across the PV panel 36 of the PV module 34, and
in the depicted embodiment, across the front planar sur-
face 42a of the PV panel 36. This uniform application of
force is achieved because the bed of media 16 acts sim-

ilar to a fluid in that in the disclosed embodiment, the
three million plastic balls 32 move relative to each other
to uniformly distribute the load applied by the membrane
14 through the balls 32 and onto the PV panel 36. Actual
fluids and other types of media can operate similarly.
[0039] Fig. 3 depicts a specific construction of some
of the components of one embodiment of the load gen-
erating device 10 of the present disclosure. For example,
as shown in Fig. 3, in one embodiment, the steel tub 12
includes a frame 44 constructed of steel tubes and in-
cluding legs 44a supporting the device on a floor, for ex-
ample. The bottom wall 24 and the sidewalls 26a-26d
are each constructed of a sheet metal material and can
be welded or otherwise fixed to the frame 44. The mem-
brane 14 is fixed into the tub 12, as shown generally in
Figs. 1 and 2, with a plurality of angle fixtures 46, which
are shown in Fig. 3. Each angle fixture 46 can include an
elongate metal member having an L-shaped cross-sec-
tion, and which can be secured to the frame 44 of the tub
12 or directly to the bottom wall 24 or sidewalls 26a-26d
of the tub 12 with screws, welding, rivets, or any other
means, for example.
[0040] As shown in Fig. 3, each of the overhead U-
shaped brackets 18 can be mounted with screws 48 to
the topmost steel tube 50 of the frame 44. Preferably,
the topmost tube 50 can include a plurality of different
sets of holes for receiving the screws 48, such that the
position of the overhead U-shaped brackets 18 can be
adjusted to accommodate PV modules 34 having roof
brackets 38 of different spacing.
[0041] As discussed above, the device 10 can include
adjustable panels 22 for focusing the deflection of the
membrane 14 to the area disposed between the perim-
eter boundaries of the PV module 34. The adjustable
panels 22 can be adjusted by sliding horizontally through
elongated openings (not shown) in the sidewalls 26a-26d
of the tub 12. As depicted, the adjustable panels 22 in-
clude guide pins 56 disposed on opposing sides that are
adapted to be slidably disposed in corresponding guide
brackets 58 mounted on the outside of the tub 12, only
some of which can be seen in Fig. 3. This sliding arrange-
ment enables the position of the panels 22 to be adjusted
in and out of the tub 12, thereby being adjustable to ac-
commodate PV modules 34 of different dimensions. Pref-
erably, a set screw (not shown) can be utilized to fix the
position of each of the adjustment panels 22 prior to op-
erating the device 12. In one embodiment, one set screw
can be threaded through each of the guide brackets 58
to frictionally engage the corresponding guide pin 56,
thereby locking the guide pins 56 and panels 22 in posi-
tion.
[0042] Finally, as mentioned above with reference to
Figs. 1 and 2, the device 10 of the presently disclosed
embodiment can include the puller bar 40. As shown in
Fig. 3, the puller bar 40 constitutes an elongated bar
adapted to be slidably mounted in the tub 12 at a height
that corresponds to a top surface of the bed of media 16,
as shown in Figs. 1 and 2. So configured, after a loading
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operation is completed and the PV module 34 is removed
from the tub 12, a technician can slide the puller bar 40
across the tub 12 to level the bed of media 16 in prepa-
ration for the next loading operation. Moreover, the de-
vice 10 can further be equipped with a vibrating mecha-
nism such as a shaker table (not shown), for example,
which can be activated when the PV module 34 is loaded
right-side up, for example (i.e., when the roof brackets
38 are disposed in contact with the bed of media 16).
With this orientation of the PV module 34, the vibrating
mechanism can be activated to vibrate the bed of media
16 and/or the PV module 34 to obtain good displacement
of the plastic balls 32 around the roof brackets 38 such
that the balls 32 evenly distribute and uniformly contact
the rear planar surface of the PV panel 36..
[0043] As mentioned above, one application for the de-
vice 10 of the present disclosure is for testing the struc-
tural integrity of PV modules 34. To facilitate such tests,
the device 10 can be incorporated into a system 100, as
depicted in Fig. 4, for example. The system 100 of Fig.
4 includes the device 10, an electronic control unit 102,
and a pressure control unit 104.
[0044] In the disclosed embodiment, the electronic
control unit 102 can include a personal computer (here-
inafter "PC") 106, an A/D unit 108, and a relay unit 110.
The PC 106 can include a user interface 111 including,
for example, an input device 112 such as a keyboard or
touchscreen for enabling a user to input data into the PC
106, and an output device 114 such as a monitor, printer,
speaker, or other device for conveying information to the
user. Additionally, although not illustrated in Fig. 4, it
should be appreciated that the PC 106 can include a
processor, a RAM memory, a ROM memory, and/or any
other component typically associated with a conventional
computing device. The pressure control unit 104 includes
at least one pressurized gas source 130 and at least one
pressure control valve 132, for example. The A/D unit
108 includes a conventional analog/digital converter. The
relay unit 110 acts as a conventional switch for controlling
the flow of power to the load generating device 10 and
the pressure control unit 104 in response to appropriate
direction received from the PC 106.
[0045] As illustrated in Fig. 4, the PC 106 is communi-
catively coupled to the A/D unit 108 and the relay unit
110 via communication lines 116, 118, respectively.
Moreover, as illustrated, the A/D unit 108 is communica-
tively coupled to the pressure control unit 104 via a com-
munication line 120, and to the load generating device
10 via a communication line 122. In an embodiment,
wherein the load generating device 10 includes a vibrat-
ing mechanism for evenly distributing the plastic balls 32
of the bed of media 16 around the roof brackets 38 of the
PV module 34, as discussed above,, the relay unit 110
can be communicatively coupled to the load generating
device 10 via a power line 124. Additionally, the relay
unit 110 is communicatively coupled to the pressure con-
trol unit 104 via a power line 126. Finally, the pressure
control unit 104 includes a pneumatic line 128 connected

to the load generating device 10 and, more particularly,
to the fluid opening 30 in the bottom wall 24 of the tub 12
of the device 10, as discussed above with reference to
Figs. 1 and 2.
[0046] With reference now to the flowchart depicted in
Fig. 5, a method of testing a PV module 34 will be de-
scribed using the load generating device 10 and system
100 of Figs. 1-4. First, at block 200, a user can enter data
related to the forthcoming testing procedure into the PC
106 via the user interface 111. The data may include, for
example, information indicative of the PV module 34 to
be tested, information indicative of the test procedure to
be performed, information indicative of the type and/or
number of reports to be generated at the completion of
the testing procedure, and/or any other foreseeable data.
[0047] Information indicative of the PV module 34 can
include the dimensions of the PV module 34, the weight
of the PV module 34, the material or materials of which
the PV module 34 is constructed, the manufacturer of
the PV module 34, the model number and/or serial
number of the PV module 34, etc. Information indicative
of the test procedure can include, for example, a magni-
tude of a target force to be applied to the the PV module
34, a duration for which the target force is to be applied
to the PV module 34, a total number of cycles through
which the target force is to be applied to the PV module
34, a duration of any pause between cycles through
which the target force is to be applied to the PV module
34, a pressure at which gas is delivered to the device 10
during operation, a velocity at which gas is delivered to
the device 10 during operation, etc.
[0048] At block 202 of Fig. 5, the PV module 34 can
be positioned upside-down into the tub 12 of the device
10 such that its front planar surface 42a is disposed in
contact with the bed of media 16, as described above
with reference to Fig. 1. Alternatively, block 202 can in-
clude positioning the PV module 34 into the tub 12 right-
side up such that the roof brackets 38 and the rear planar
surface 42b of the PV module 34 are disposed in contact
with the bed of media 16. When the PV module 34 is
positioned right-side up, block 202 can further include
activating a vibrating mechanism, as discussed above,
to evenly distribute the bed of media 16 around the roof
brackets 38 and into contact with the rear planar surface
of the PV panel 36. Specifically, block 202 can include
the PC 106 sending a signal to the relay unit 110 over
communication line 118 instructing the relay unit 110 to
activate the vibrating mechanism by energizing power
line 124 for a specified duration. Additionally, block 202
can include any desired adjustment of the position of the
adjustable panels 22a-22d discussed above.
[0049] With the PV module 34 loaded into the tub 12,
the PC 106 can initiate the testing procedure at block
204. At block 206, the PC 106 sends a digital signal to
the A/D unit 108 over communication line 116 indicative
of the initial force to be applied to the PV module 34, and
sends a separate digital signal to the relay unit 110 over
communication line 118 instructing the relay unit 110 to
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switch open the supply of power to the pressure control
unit 104. At block 208, the A/D unit 108 converts the
signal received from the PC 106 to an analog signal and
transmits the analog signal to the pressure control unit
104 over communication line 120. At block 209, the en-
ergized pressure control unit 110 opens the control valve
132 to an extent that is based on the analog signal re-
ceived from the A/D unit 108.
[0050] With the control valve 132 opened, pressurized
gas flows from the pressurized gas source 130, through
the pneumatic line 128, and into the portion 28a of the
cavity 28 of the tub 12, as indicated at block 210 and
described above with reference to Figs. 1 and 2. As in-
dicated at block 212, the pressurized gas causes the
membrane 14 to displace upwardly away from the bottom
wall 24 of the tub 12. The displacement of the membrane
14, in turn, causes at least a portion of the bed of media
16 to displace upwardly away from the bottom wall 24 of
the tub 12, as indicated at block 214, and apply a force
to the PV module 34, as indicated at block 216. The force
applied to the PV module 34 is uniform across its two-
dimensional surface and it displaces the PV module 34
into engagement with the force sensors 20 carried by the
upper U-shaped brackets 18. The brackets 18 detect the
magnitude of the force being applied to the PV module
34, as indicated at block 218. At block 220, each of the
force sensors 20 transmit the detected forces to the A/D
unit 108, or alternatively, the A/D unit 108 extracts the
detected forces from each of the force sensors 20. At
block 222, the A/D unit 108 converts the detected forces
to one or more digital signals and transmits the signal(s)
to the PC 106.
[0051] At block 224, the PC 106 determines whether
the detected forces match the target force for the partic-
ular test procedure being conducted. If the forces do not
match the target force, the PC 106 sends an adjusted
digital signal to the A/D unit 108 at block 226, which then
sends an adjusted analog signal to the pressure control
unit 104 to adjust the opening of the control valve 132,
which in turn, adjusts the amount of pressure being sup-
plied to the tub 12 via pneumatic line 128. The process
then returns to block 218.
[0052] In contrast, if the forces detected by the force
sensors 20 match the target force, the PC 106 waits for
a specified duration, as indicated at block 228. The spec-
ified duration corresponds to a duration dictated by the
particular testing procedure being conducted, for exam-
ple, or by the data input to the PC 106 at block 200 dis-
cussed above. At the end of the specified duration, the
PC 106 sends a digital signal to the A/D unit 108 indicative
of a close command, in response to which, the A/D unit
108 sends an analog signal to the pressure control unit
104 to close the pressure control valve 132 and stop sup-
plying pressurized gas to the tub 12, as indicated at block
230. Simultaneously, any pressure built up in the tub 12
can be automatically vented through an exhaust valve
(not shown) connected to the tub 12, for example, or
through an exhaust valve associated with the pressure

control valve 132 itself. At this point, the membrane 14
and bed of media 16 return to their passive state, shown
in Fig. 1.
[0053] At block 232, it is determined if additional load-
ing cycles are dictated by the particular testing procedure
being conducted. If no additional loading cycles are de-
sired, the testing procedure is complete, as indicated at
block 234, and the PV module 34 can be removed from
the device 10. Prior to loading a subsequent PV module
34 for testing, the bed of media 16 can be leveled, as
indicated at block 236, through operation of the puller bar
40 discussed above. Alternatively, in embodiments
wherein the load generating device 10 includes a vibrat-
ing mechanism, the vibrating mechanism could also be
used to level the bed of media 16 between testing oper-
ations. In such a process, the PC 106 could send a signal
to the relay unit 110 over communication line 118 instruct-
ing the relay unit 110 to activate the vibrating mechanism
by energizing power line 124 for a specified duration to
level the bed of media 16.
[0054] Alternatively, if additional loading cycles are de-
sired or required to complete the testing procedure, the
PC 106 waits for a designated pause duration, as indi-
cated at block 238, prior to returning to block 206 to repeat
the previously described process. Depending on the par-
ticular test being conducted, subsequent loading cycles
may apply a force to the PV module 34 that is the same
as or different from the magnitude previously applied.
Moreover, subsequent loading cycles may apply a force
to the PV module 34 for a duration that is the same as
or different from the previous duration. The magnitude
and duration of the force applied to the PV module 34
during each cycle of any testing procedure can be dic-
tated and controlled by the electronic control unit 102
such that any give testing process is accurate and re-
peatable. Moreover, as mentioned, at the conclusion of
any given testing process, the electronic control unit 102
of the present disclosure is advantageously capable of
generating any number and/or style of reports related to
the testing process including data, graphs, and analysis
related to the magnitude and duration of the forces ap-
plied to the PV modules 34. Such reports could be gen-
erated on the display device 114 of the user interface
111 of the PC 106, saved to a memory, or printed in hard
copy, for example.
[0055] While the load generating device 10 of the
present invention includes a bed of media 16 disposed
on top of the membrane 14, at least one alternative em-
bodiment of the device 10, which is not part of the present
invention, can be constructed without the bed of media
16. For example, as illustrated in Fig. 6, one alternative
load generating device 10 can include all of the features
of the device 10 described above with reference to Figs.
1-3, but for the bed of media 16. With this embodiment
of the device 10, the introduction of pressurized gas into
the portion 28a of the cavity 28 disposed below the mem-
brane 14 causes the membrane 14 to displace or deflect
upward and into direct engagement with a planar surface
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of a planar article being tested, which in Fig. 6 constitutes
a front planar surface 42a of a PV panel 36 of a PV module
34. The displacement of the membrane 14 forcefully en-
gages the PV module 34 and forces the PV module 34
into engagement with the force sensors 20 in a manner
generally similar to that described above with reference
to Figs. 1-5. The device depicted in Fig. 6 could easily
by used in the system described with reference to Fig.
4. Moreover, the method described above with reference
to Fig. 5 could easily be adapted to be performed using
the device 10 depicted in Fig. 6. The difference is that
loading the PV module 34 into the device 10 of Fig. 6
simply includes positioning the PV module 34 directly on
the membrane 14, and any force applied to the mem-
brane 14 by the pressurized gas introduced through the
opening 30 in the tub 12, would be transferred directly to
the PV module 34 without distribution through the bed of
media 16.
[0056] In view of the foregoing, it should be appreciated
that the present disclosure advantageously provides
among other advantages (a) a device capable of gener-
ating a uniform force across a two-dimensional planar
surface; (b) a device that has the ability to generate de-
tailed test results such as the magnitude of the force ap-
plied to the PV module, the duration of the test, the force
carried by the roof brackets at the specific locations of
the force sensors, etc.; and (c) the device and method
enable a very quick, efficient, automated, and repeatable
test procedure.
[0057] While the foregoing has described various em-
bodiments, features, and components of a device and
method for generating a load on a planar surface, the
invention is not intended to be limited to the specifics
described, but rather is defined by the appended claims.

Claims

1. A device (10) for testing the structural integrity of a
planar surface (36), the device (10) comprising:

a tub (12) having a bottom wall (24) and at least
one sidewall (26) extending upward from a pe-
rimeter of the bottom wall (24);
a cavity (28) defined between the bottom wall
(24) and the at least one sidewall (26) of the tub
(12);
a membrane (14) disposed within the cavity (28)
at a location proximate to the bottom wall (24)
of the tub (12), the membrane (14) having a pe-
rimeter edge that is fixed to the tub (12), such
that the planar surface (36) can be disposed
above the membrane (14);
an opening (30) formed in the tub (12), the open-
ing (30) adapted to receive a pressurized fluid
to fill a portion of the cavity (28) that is disposed
between the membrane (14) and the bottom wall
(24) to displace at least a portion of the mem-

brane (14) away from the bottom wall (24) to
apply a force to the planar surface (36) during
operation of the device (10);
a bed of media (16) disposed within the cavity
(28) on top of the membrane (14) such that dis-
placement of the membrane (14) away from the
bottom wall (24) results in displacement of at
least a portion of the bed of media (16) away
from the bottom wall (24) and into engagement
with the planar surface (36) during operation of
the device (10); and
at least one force sensor (20) adapted to sense
the force applied to the planar surface during
operation of the device
the device (10) further comprising a u-shaped
bracket (18) attached to the tub (12) and sus-
pending the at least one force sensor (20) op-
posite the planar surface (36) from the mem-
brane (14),
wherein during the operation of the device, the
planar surface is displaced upwardly away from
the bottom wall (24) and into engagement with
the at least one force sensor (20).

2. The device (10) of claim 1, wherein the bed of media
(16) comprises a plurality of balls (32).

3. The device of claim 2, wherein the plurality of plastic
balls each have a diameter of approximately six mil-
limeters.

4. The device (10) of any one of the preceding claims,
wherein the membrane (14) comprises an elasto-
meric material.

5. The device (10) of claim 1, further comprising an
electronic control unit (102) communicatively cou-
pled to the at least one force sensor (20) and a pres-
surized fluid source connected to the opening (30)
in the tub (12) for controlling and monitoring opera-
tion of the device (10).

6. The device (10) of claim 5, wherein the electronic
control unit (102) comprises a user interface (111)
for receiving user input and/or displaying output.

7. The device (10) of any one of the preceding claims,
further comprising at least one adjustment panel
(22a-22d) horizontally disposed through the at least
one sidewall (26) of the tub (12) and adapted to be
adjusted to extend between the at least one sidewall
(26) and approximately a perimeter of the planar sur-
face (36) during operation of the device (10).

8. A method for testing the structural integrity of a planar
surface (36), the method comprising:

positioning a planar surface (36) above a mem-
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brane (14) disposed in a cavity (28) of a tub (12),
the cavity (28) defined between a bottom wall
(24) and at least one sidewall (26) of the tub (12);
attaching a u-shaped bracket (18) to the tub (12)
and suspending at least once force sensor (20)
opposite the planar surface from the membrane
(14),
positioning the planar surface (36) onto a bed
of media (16) disposed within the cavity (28) and
supported by the membrane (14);
introducing a pressurized fluid into a portion of
the cavity (28) that is disposed between the bot-
tom wall (24) of the tub (12) and the membrane
(14);
displacing at least a portion of the membrane
(14) and the bed of media (16) away from the
bottom wall (24) of the tub (12) and into engage-
ment with the planar surface (36) with the pres-
surized fluid;
displacing the planar surface (36) upwardly
away from the bottom wall (24) and into engage-
ment with the at least one force sensor (20), in
such a way to applying a force to the planar sur-
face (36), the force being transferred through
the membrane (14); and
detecting, via the at least one force sensor (20),
a magnitude of the force being applied to the
planar surface (36).

9. The method of claim 8, wherein applying a force to
the planar surface (36) comprises applying a force
of a predetermined magnitude for a predetermined
duration.

10. The method of claim 8 or claim 9, wherein applying
a force to the planar surface comprises applying a
force of uniform magnitude across the planar surface
(36) for a predetermined duration.

11. The method of any one of claims 8 to 10, wherein
displacing at least a portion of the bed of media (16)
comprises displacing a plurality of plastic balls (32)
into engagement with the planar surface (36).

12. The method of any one of claims 8 to 11, further
comprising controlling a duration of the force being
applied to the planar surface (36).

13. The method of any one of claims 8 to 12, further
comprising inputting one or more of the following pa-
rameters into a user interface (111) prior to introduc-
ing the pressurized fluid into the cavity (28): (a) a
magnitude of the force to be applied to the planar
surface (36); (b) a duration for which the force is to
be applied to the planar surface (36); (c) a total
number of cycles through which the force is to be
applied the planar surface (36); and (d) a duration
of any pause between cycles through which the force

is to be applied to the planar surface (36).

Patentansprüche

1. Vorrichtung (10) zum Prüfen der strukturellen Inte-
grität einer ebenen Fläche (36), wobei die Vorrich-
tung (10) Folgendes umfasst:

eine Wanne (12), die eine Bodenwand (24) und
mindestens eine Seitenwand (26), die sich von
einem Umfang der Bodenwand (24) aus nach
oben erstreckt, aufweist,
einen Hohlraum (28), der zwischen der Boden-
wand (24) und der mindestens einen Seiten-
wand (26) der Wanne (12) definiert ist;
eine Membran (14), die innerhalb des Hohl-
raums (28) an einer Position nahe der Boden-
wand (24) der Wanne (12) angeordnet ist, wobei
die Membran (14) eine Umfangskante aufweist,
die derart an der Wanne (12) befestigt ist, dass
die ebene Fläche (36) oberhalb der Membran
(14) angeordnet sein kann;
eine Öffnung (30), die in der Wanne (12) geformt
ist, wobei die Öffnung (30) angepasst ist, um ein
Druckfluid aufzunehmen, um einen Abschnitt
des Hohlraums (28) zu füllen, der zwischen der
Membran (14) und der Bodenwand (24) ange-
ordnet ist, um mindestens einen Abschnitt der
Membran (14) weg von der Bodenwand (24) zu
verlagern, um während des Betriebs der Vor-
richtung (10) eine Kraft auf die ebene Fläche
(36) auszuüben;
ein Medienbett (16), das derart innerhalb des
Hohlraums (28) oben auf der Membran (14) an-
geordnet ist, dass während des Betriebs der
Vorrichtung (10) eine Verlagerung der Membran
(14) weg von der Bodenwand (24) zu einer Ver-
lagerung mindestens eines Abschnitts des Me-
dienbettes (16) weg von der Bodenwand (24)
und in einen Eingriff mit der ebenen Fläche (36)
führt; und
mindestens einen Kraftsensor (20), der ange-
passt ist, um die Kraft abzufühlen, die während
des Betriebs der Vorrichtung auf die ebene Flä-
che ausgeübt wird,
wobei die Vorrichtung (10) ferner einen U-förmi-
gen Träger (18) umfasst, der an der Wanne (12)
angebracht ist und an dem der mindestens eine
Kraftsensor (20) entgegengesetzt zu der ebe-
nen Fläche (36) von der Membran (14) aufge-
hängt ist,
wobei während des Betriebs der Vorrichtung die
ebene Fläche nach oben weg von der Boden-
wand (24) und in einen Eingriff mit dem mindes-
tens einen Kraftsensor (20) verlagert wird.

2. Vorrichtung (10) nach Anspruch 1, wobei das Medi-
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enbett (16) eine Vielzahl von Kugeln (32) umfasst.

3. Vorrichtung nach Anspruch 2, wobei die Vielzahl von
Kunststoffkugeln jeweils einen Durchmesser von un-
gefähr sechs Millimeter aufweisen.

4. Vorrichtung (10) nach einem der vorhergehenden
Ansprüche, wobei die Membran (14) ein elastome-
res Material umfasst.

5. Vorrichtung (10) nach Anspruch 1, die ferner eine
elektronische Steuereinheit (102) umfasst, die kom-
munikativ an den mindestens einen Kraftsensor (20)
und eine Druckfluidquelle, die mit der Öffnung (30)
in der Wanne (12) verbunden ist, gekoppelt ist, zum
Steuern und Überwachen des Betriebs der Vorrich-
tung (10).

6. Vorrichtung (10) nach Anspruch 5, wobei die elek-
tronische Steuereinheit (102) eine Benutzerschnitt-
stelle (111) zum Empfangen einer Benutzereingabe
und/oder Anzeigen einer Ausgabe umfasst.

7. Vorrichtung (10) nach einem der vorhergehenden
Ansprüche, die ferner mindestens eine Einstelltafel
(22a-22d) umfasst, die horizontal durch die mindes-
tens eine Seitenwand (26) der Wanne (12) angeord-
net und angepasst ist, um eingestellt zu werden, um
sich während des Betriebs der Vorrichtung (10) zwi-
schen der mindestens einen Seitenwand (26) und
ungefähr einem Umfang der ebenen Fläche (36) zu
erstrecken.

8. Verfahren zum Prüfen der strukturellen Integrität ei-
ner ebenen Fläche (36), wobei das Verfahren Fol-
gendes umfasst:

Positionieren einer ebenen Fläche (36) ober-
halb einer Membran (14), die in einem Hohlraum
(28) einer Wanne (12) angeordnet ist, wobei der
Hohlraum (28) zwischen einer Bodenwand (24)
und mindestens einer Seitenwand (26) der
Wanne (12) definiert ist;
Anbringen eines U-förmigen Trägers (18) an der
Wanne (12) und Aufhängen mindestens eines
Kraftsensors (20) entgegengesetzt zu der ebe-
nen Fläche von der Membran (14),
Positionieren der ebenen Fläche (36) auf einem
Medienbett (16), das innerhalb des Hohlraums
(28) angeordnet ist und durch die Membran (14)
getragen wird,
Einleiten eines Druckfluids in einen Abschnitt
des Hohlraums (28), der zwischen der Boden-
wand (24) der Wanne (12) und der Membran
(14) angeordnet ist;
Verlagern mindestens eines Abschnitts der
Membran (14) und des Medienbettes (16) weg
von der Bodenwand (24) der Wanne (12) und in

Eingriff mit der ebenen Fläche (36) mittels des
Druckfluids;
Verlagern der ebenen Fläche (36) nach oben
weg von der Bodenwand (24) und in Eingriff mit
dem mindestens einen Kraftsensor (20), auf ei-
ne solche Weise, dass eine Kraft auf die ebene
Fläche (36) ausgeübt wird, wobei die Kraft durch
die Membran (14) übertragen wird, und
Erfassen, über den mindestens einen Kraftsen-
sor (20), einer Größe der Kraft, die auf die ebene
Fläche (36) ausgeübt wird.

9. Verfahren nach Anspruch 8, wobei das Ausüben ei-
ner Kraft auf die ebene Fläche (36) das Ausüben
einer Kraft einer vorbestimmten Größe für eine vor-
bestimmte Dauer umfasst.

10. Verfahren nach Anspruch 8 oder Anspruch 9, wobei
das Ausüben einer Kraft auf die ebene Fläche das
Ausüben einer Kraft einer gleichmäßigen Größe
über die ebene Fläche (36) für eine vorbestimmte
Dauer umfasst.

11. Verfahren nach einem der Ansprüche 8 bis 10, wobei
das Verlagern mindestens eines Abschnitts des Me-
dienbettes (16) das Verlagern einer Vielzahl von
Kunststoffkugeln (32) in einen Eingriff mit der ebe-
nen Fläche (36) umfasst.

12. Verfahren nach einem der Ansprüche 8 bis 11, das
ferner das Steuern einer Dauer der Kraft, die auf die
ebene Fläche (36) ausgeübt wird, umfasst.

13. Verfahren nach einem der Ansprüche 8 bis 12, das
ferner das Eingeben eines oder mehrerer der folgen-
den Parameter in eine Benutzerschnittstelle (111)
vor dem Einleiten des Druckfluids in den Hohlraum
(28) umfasst: (a) eine Größe der Kraft, die auf die
ebene Fläche (36) auszuüben ist; (b) eine Dauer, für
welche die Kraft auf die ebene Fläche (36) auszuü-
ben ist; (c) eine Gesamtanzahl von Zyklen, durch
welche die Kraft auf die ebene Fläche (36) auszuü-
ben ist; und (d) eine Dauer jeglicher Pause zwischen
Zyklen, durch welche die Kraft auf die ebene Fläche
(36) auszuüben ist.

Revendications

1. Dispositif (10) pour tester l’intégrité structurelle d’une
surface plane (36), le dispositif (10) comprenant :

une cuvette (12) comportant une paroi de fond
(24) et au moins une paroi latérale (26) s’éten-
dant vers le haut à partir d’un périmètre de la
paroi de fond (24) ;
une cavité (28) définie entre la paroi de fond (24)
et l’au moins une paroi latérale (26) de la cuvette
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(12) ;
une membrane (14) disposée à l’intérieur de la
cavité (28) à un emplacement proche de la paroi
de fond (24) de la cuvette (12), la membrane
(14) ayant une bordure périmétrique qui est fixée
à la cuvette (12), de sorte que la surface plane
(36) peut être disposée au-dessus de la mem-
brane (14) ;
un orifice (30) formé dans la cuvette (12), l’orifice
(30) étant adapté pour recevoir un fluide sous
pression pour remplir une partie de la cavité (28)
qui est disposée entre la membrane (14) et la
paroi de fond (24) pour déplacer au moins une
partie de la membrane (14) à distance de la paroi
de fond (24) pour appliquer une force sur la sur-
face plane (36) pendant le fonctionnement du
dispositif (10),
un lit de matières (16) disposé à l’intérieur de la
cavité (28) sur le dessus de la membrane (14)
de sorte qu’un déplacement de la membrane
(14) à distance de la paroi de fond (24) entraîne
un déplacement d’au moins une partie du lit des
matières (16) à distance de la paroi de fond (24)
et en prise avec la surface plane (36) pendant
le fonctionnement du dispositif (10) ; et
au moins un capteur de force (20) adapté pour
détecter la force appliquée sur la surface plane
pendant le fonctionnement du dispositif,
le dispositif (10) comprenant en outre un support
en forme de U (18) fixé à la cuvette (12) et sus-
pendant l’au moins un capteur de force (20) à
l’opposé de la surface plane (36) à partir de la
membrane (14),
dans lequel, pendant le fonctionnement du dis-
positif, la surface plane est déplacée vers le haut
à distance de la paroi de fond (24) et en prise
avec l’au moins un capteur de force (20).

2. Dispositif (10) selon la revendication 1, dans lequel
le lit de matières (16) comprend une pluralité de billes
(32).

3. Dispositif selon la revendication 2, dans lequel la plu-
ralité des billes en plastique ont chacune un diamètre
d’environ six millimètres.

4. Dispositif (10) selon l’une quelconque des revendi-
cations précédentes, dans lequel la membrane (14)
comprend un matériau élastomère.

5. Dispositif (10) selon la revendication 1, comprenant
en outre une unité de commande électronique (102)
couplée en communication à l’au moins un capteur
de force (20) et une source de fluide sous pression
connectée à l’orifice (30) dans la cuvette (12) pour
commander et surveiller le fonctionnement du dis-
positif (10).

6. Dispositif (10) selon la revendication 5, dans lequel
l’unité de commande électronique (102) comprend
une interface utilisateur (111) pour recevoir une en-
trée d’utilisateur et/ou afficher une sortie.

7. Dispositif (10) selon l’une quelconque des revendi-
cations précédentes, comprenant en outre au moins
un panneau de réglage (22a-22d) disposé horizon-
talement à travers l’au moins une paroi latérale (26)
de la cuvette (12) et adapté pour être réglé pour
s’étendre entre l’au moins une paroi latérale (26) et
environ un périmètre de la surface plane (36) pen-
dant le fonctionnement du dispositif (10).

8. Procédé pour tester l’intégrité structurelle d’une sur-
face plane (36), le procédé comprenant :

le positionnement d’une surface plane (36) au-
dessus d’une membrane (14) disposée dans
une cavité (28) d’une cuvette (12), la cavité (28)
étant définie entre une paroi de fond (24) et au
moins une paroi latérale (26) de la cuvette (12) ;
la fixation d’un support en forme de U (18) sur
la cuvette (12) et la suspension d’au moins un
capteur de force (20) à l’opposé de la surface
plane à partir de la membrane (14),
le positionnement de la surface plane (36) sur
un lit de matières (16) disposé à l’intérieur de la
cavité (28) et supporté par la membrane (14) ;
l’introduction d’un fluide sous pression dans une
partie de la cavité (28) qui est disposée entre la
paroi de fond (24) de la cuvette (12) et la mem-
brane (14) ;
le déplacement, au moyen du fluide sous pres-
sion, d’au moins une partie de la membrane (14)
et du lit de matières (16) à distance de la paroi
de fond (24) de la cuvette (12) et en prise avec
la surface plane (36) ;
le déplacement de la surface plane (36) vers le
haut à distance de la paroi de fond (24) et en
prise avec l’au moins un capteur de force (20)
de sorte à appliquer une force sur la surface
plane (36), la force étant transmise par l’inter-
médiaire de la membrane (14) ; et
la détection, via l’au moins un capteur de force
(20), d’une amplitude de la force appliquée sur
la surface plane (36).

9. Procédé selon la revendication 8, dans lequel l’ap-
plication d’une force sur la surface plane (36) com-
prend l’application d’une force d’une amplitude pré-
déterminée pendant une durée prédéterminée.

10. Procédé selon la revendication 8 ou la revendication
9, dans lequel l’application d’une force sur la surface
plane comprend l’application d’une force d’une am-
plitude uniforme à travers la surface plane (36) pen-
dant une durée prédéterminée.
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11. Procédé selon l’une quelconque des revendications
8 à 10, dans lequel le déplacement d’au moins une
partie du lit des matières (16) comprend le déplace-
ment d’une pluralité de billes en plastique (32) en
prise avec la surface plane (36).

12. Procédé selon l’une quelconque des revendications
8 à 11, comprenant en outre la commande d’une
durée de la force appliquée sur la surface plane (36).

13. Procédé selon l’une quelconque des revendications
8 à 12, comprenant en outre l’entrée d’un ou de plu-
sieurs des paramètres suivants dans une interface
utilisateur (111) avant d’introduire le fluide sous pres-
sion dans la cavité (28) : a) une amplitude de la force
à appliquer sur la surface plane (36) ; b) une durée
pendant laquelle la force doit être appliquée sur la
surface plane (36) ; c) un nombre total de cycles au
cours desquels la force doit être appliquée sur la
surface plane (36) ; et d) une durée d’un arrêt quel-
conque entre des cycles au cours desquels la force
doit être appliquée sur la surface plane (36).
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